Results SHiP occurred predominantly in the second and third trimester of pregnancy. The earliest and major presenting symptom was an acute onset of abdominal pain, often combined with low haemoglobin levels or signs of fetal distress. Imaging was a diagnostic tool when free peritoneal fluid could be observed. For surgical treatment of the bleeding site, a midline laparotomy was mostly needed, the median estimated amount of blood loss was 2000 mL. No fetomaternal or perinatal mortality was reported, despite a high rate of preterm births (54.5%). In all women, endometriosis was diagnosed at a certain moment in time and therefore was probably involved in the pathogenesis of SHiP. Four women showed recurrence of SHiP. In one of these cases the second event of SHiP occurred in a subsequent pregnancy.
Introduction
Spontaneous haemoperitoneum in pregnancy (SHiP) is a rare but potentially life-threatening complication which occurs predominantly during the third trimester of pregnancy. 1 SHiP is associated with adverse pregnancy outcomes for both mother and child. 2, 3 Until 1950 a high maternal mortality rate after SHiP was reported (around 50%), reaching up to 76.3% in women giving birth. 4, 5 Ginsburg et al. were the first to describe a dramatically decreased maternal mortality rate of 4% in 1987. 1 Thereafter, Brosens et al. 4 showed an absence of maternal deaths following SHiP in 25 cases. Despite this reduction in maternal mortality in the last centuries, perinatal mortality remained high (36%) until recently. 6 The aetiology of SHiP is still unknown but endometriosis seems to be a major risk factor. 6, 7 As pregnancies in subfertile women diagnosed with endometriosis are more often facilitated by assisted reproductive techniques, [8] [9] [10] [11] the incidence of SHiP may increase. To raise awareness of this diagnosis among clinicians, we collected unpublished data from 11 women presenting with 15 events of SHiP.
Methods
In collaboration with the members of the Dutch Working Group on Endometriosis, a Special Interest Group (SIG) of the Dutch Society of Obstetrics & Gynaecology (NVOG), Dutch gynaecologists in referral hospitals for endometriosis were contacted and asked to send in unpublished cases of SHiP that occurred in the Netherlands in recent years. Nine hospitals identified cases of SHiP and data were retrieved from the original patient files. Information on patient characteristics, symptoms of SHiP, treatment options and outcomes for mother and child was obtained. No approval of the institutional review board was required for this report. Patients' written consent for publication was obtained in all cases.
Results
Fifteen events of SHiP that occurred in the Netherlands between 2007 and 2015 in 11 women were identified. Patient characteristics, symptoms, treatment and maternal as well as neonatal outcome parameters are depicted in Table 1 . Mean age at initial SHiP event was 34 years (median 34 years, range 27-38 years). The onset of SHiP varied from 6 weeks of gestation to 30 days postpartum. Four women showed recurrence of SHiP; in one of these cases the second event of SHiP occurred in a subsequent pregnancy. In all women, endometriosis was diagnosed at a certain moment in time: eight women were known to have surgically confirmed severe endometriosis prior to pregnancy. Three women were diagnosed with endometriosis after SHiP; in two cases the diagnosis was confirmed after histological examination of the biopsied specimens and in one case the presence of deep endometriosis was visualised post-operatively by magnetic resonance imaging (MRI). All women presented with acute abdominal pain often combined with low haemoglobin levels (n = 8), a sign of substantial blood loss. None of the cases reported a history of trauma, previous caesarean section, recent physical activity or sexual intercourse. In most SHiP events, free peritoneal fluid was detected by ultrasound examination (n = 10), MRI (n = 2) or computed tomography angiography (n = 1). Surgical intervention (n = 13) in pregnancy (n = 11) was necessitated for maternal reasons (signs of hypovolaemic shock, progressive anaemia or suspicion of a haemoperitoneum, n = 7), fetal distress (abnormal cardiotocography, n = 2) or a combination of both (n = 2). Laparoscopy was initially performed in five cases, but had to be converted into a laparotomy because the bleeding sites could not be reached or extensive bleeding caused blurred vision. The median estimated amount of blood loss was 2000 mL. Bleeding lesions were predominantly of venous origin and located at the broad ligaments, left utero-sacral ligament or posterior side of the uterus (Figure 1) . Usually, suture-ligation combined with the application of haemostatic agents was sufficient to achieve haemostasis. In the majority of cases a surgeon was involved in the treatment of SHiP because of extensive adhesions and/or intestinal involvement due to endometriosis or the suspicion of ruptured large intraabdominal vessels. Two cases did not require immediate surgical intervention and expectant management was chosen. In four cases a biopsy from the bleeding site was obtained; all biopsies showed signs of decidualisation and haemorrhagic foci of endometriosis at histologic examination. Postnatal resuscitation and subsequent admission to the neonatal intensive-care unit (NICU) was necessary in one case. Four other neonates were admitted to the NICU because of prematurity. In one case a miscarriage at 6 weeks of gestation occurred simultaneously with SHiP. No maternal or neonatal deaths were reported, despite a high rate of emergency caesarean sections at preterm age (54.5%, n = 6). In most events, a multidisciplinary approach, with a radiologist (n = 8) and/or surgeon (n = 8), was successfully used.
Discussion

Main findings
This case note review reports on 15 events of SHiP in 11 women. Important new findings are (1) absence of SHiPinduced fetomaternal or perinatal mortality, (2) increased value of imaging as a diagnostic tool, and (3) recurrence of SHiP within the same or a subsequent pregnancy. ART, assisted reproductive techniques; rASRM, revised American Society for Reproductive Medicine; CS, caesarean section; CTA, computed tomography angiography; d, day; D&C, dilation and curettage; EM, expectant management; g, gram; GA, gestational age; IVF, in vitro fertilisation; L., left; lig., ligament; LS, laparoscopy; LT, laparotomy; MRI, magnetic resonance imaging; mL, millilitres; n.a., not applicable; NICU, admission to neonatal intensive care unit; no, number; pp, postpartum; present., presentation; R., right; RS, recurrent SHiP; US, ultrasound examination; VE, vacuum extraction; wk, week; y, years. *Presence of endometriosis confirmed postoperatively by histological examination. **Endometriosis diagnosed postoperatively using MRI.
SHiP and endometriosis
In all of our reported cases, endometriosis was present and its involvement likely in the aetiology of SHiP. The suspicion that endometriosis is a possible risk factor for SHiP, was first suggested by Inoue et al. 12 in 1992. They explained the involvement of endometriosis in SHiP by two mechanisms: (1) utero-ovarian vessels are more friable due to chronic inflammations associated with endometriosis, and (2) resultant pelvic adhesions due to endometriosis in combination with enlargement of the uterus during pregnancy can place these vessels under greater tension, increasing the risk of rupture and bleeding. 12 On the other hand, the role of stretch in the pathogenesis of SHiP is questionable, as twin pregnancies or pelvic adhesions as a result of a previous abdominal operation or infection are not identified as risk factors for SHiP.
In addition, it has been shown that direct bleeding of endometriotic lesions may cause a haemoperitoneum. 13 During pregnancy, endometriotic lesions become decidualised and therefore enlarge during the first trimester. Later in pregnancy these lesions can shrink, probably due to decidual necrosis and involution.
14 Because decidualised endometrium is dependent upon sustained progesterone signalling, failing progesterone levels or devascularisation can cause a weakening of the tissue. In endometriotic tissue, characterised by dysregulation of gene expression leading to progesterone resistance, 15, 16 'functional' progesterone withdrawal can lead to necrosis of decidualised foci of endometriosis resulting in (gastrointestinal) perforation and bleeding of unpredictable severity. 6, [17] [18] [19] [20] Brosens et al. 6 showed previously that SHiP-associated adverse pregnancy outcomes (including perinatal mortality and severe perinatal morbidity) were more frequent in women diagnosed with endometriosis, although an apparent relationship with the stage of endometriosis could not be found. Further research to examine the exact role of decidualised endometriosis in the aetiology of SHiP, and the associated vascular changes, is warranted and might be helpful in identifying women with an increased risk of developing (severe) SHiP.
Symptoms and diagnosis
It is difficult to identify SHiP as a clinical entity, as it is usually related to a non-specific presentation. Therefore numerous differential diagnoses (acute appendicitis; perforated gastric ulcer; gall-or bladder stones; preterm birth; HELLP syndrome-associated liver rupture; uterine rupture; placental abruption or ruptured vasculature of spleen or liver) 21 are considered. Until recently, imaging failed to show to be of value in diagnosing SHiP. 6 In the third trimester of pregnancy, adequate imaging, especially by transvaginal ultrasound, can be difficult due to the position of the uterus and the inability to get an overview of the abdominal cavity. However, in our series, imaging by abdominal ultrasound or MRI proved to be a good diagnostic tool when free peritoneal fluid was detected. Observations of intra-abdominal fluid collections can enhance the suspicion of a haemoperitoneum, although the exact origin and quantity of the bleeding usually remains unknown until surgery. Therefore, the diagnosis is rarely made preoperatively. 
Treatment
Surgical treatment of SHiP can be challenging, especially as SHiP mostly occurs during the second half of pregnancy. Laparoscopic exploration can be complicated due to the enlarged uterus and therefore bleeding sites, frequently situated on the posterior side of the uterus or surrounding ligaments, can be difficult to reach. When SHiP occurs in the second or third trimester, sometimes even a caesarean delivery has to be performed to be able to achieve haemostasis. There is only one case in the literature in which laparoscopic intervention during pregnancy (at 15 weeks of gestation) was successful without conversion to a laparotomy. 22 When considering expectant management, the possibility that recovery can be complicated by development of infected haematomas (case no. XI) or recurrence of SHiP (case no. V) must be taken into account. However, successful surgical intervention does not rule out recurrence of SHiP (case nos III, IV, VI).
Recurrence of SHiP
To our knowledge, this is the first time recurrence of SHiP, in the same (case nos III, IV, V) or a subsequent pregnancy (case no. VI), has been reported. However, because of expectant management in two of these cases (case nos III, V), recurrence could not be confirmed surgically. Nevertheless, there was a high suspicion of SHiP because of the clinical presentation and the decline in haemoglobin level. In addition, as recurrences of SHiP occurred in women diagnosed with endometriosis, it is tempting to speculate that the proposed aetiological mechanisms of SHiP are involved in this phenomenon as well, although numbers are too small and supporting evidence is lacking to draw firm conclusions.
Maternal and perinatal outcome
SHiP is associated with adverse pregnancy outcomes for both mother and child. It is therefore remarkable that no neonatal deaths occurred in any of our cases, despite a high percentage (54.5%) of preterm births. Besides a possible risk of publication bias in earlier reports (there is a greater likelihood of SHiP cases to be submitted for publication with adverse maternal or perinatal outcome), increased awareness of SHiP, improved diagnostic value of imaging and adequate intervention, may also have contributed to the observed favourable perinatal outcomes. This is also illustrated in our series by three cases (case nos I, III, VIII) that showed a successful continuation of pregnancy after management of SHiP at 19-24 weeks of gestation. However, as shown by Brouckaert et al., 23 successful management of SHiP early in pregnancy is not always feasible. They reported an excessive haemoperitoneum in an endometriosis patient at 17 weeks of gestation with bleeding at multiple sites, necessitating a hysterectomy with the fetus in situ. 23 
Strengths and limitations
To further improve the outcome of pregnancies complicated by SHiP, creating awareness and gaining a growing knowledge are advocated. Because of the rarity of SHiP, a retrospective study design was necessary. With the collaboration of the members of the Dutch Working Group on Endometriosis, a comprehensive network of Dutch gynaecologists could be reached and the largest ever original case series concerning this topic was compiled. As cases were not systematically gathered, there is a possibility that suitable cases remained unreported in this review. Therefore an exact incidence number cannot be given and results have to be interpreted with caution.
Interpretation and implications for clinical practice and research
This case note review demonstrates some important issues for the recognition and clinical approach of SHiP. As the number of pregnant women with endometriosis is increasing, it is important to emphasise the association of SHiP and endometriosis. However, until the exact incidence of SHiP is known and preventive measures are available, appropriate counselling of pregnant women with endometriosis remains difficult. An international registration network is warranted and currently running (INOSS; International Network of Obstetric Survey Systems) to record cases of SHiP in a prospective way (including data from the UK and the Netherlands). [24] [25] [26] This network will allow us to give incidence numbers and acquire more insight into this complication of pregnancy.
Conclusion
It seemed that adequate multidisciplinary intervention resulted in favourable fetomaternal and perinatal outcomes, despite a high percentage of preterm births in this case series. To further improve the outcomes of SHiP, growing awareness of this serious complication of pregnancy is advocated, especially in women with endometriosis.
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